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Aim" The aim of this prospective study was to analyse arly anatomico-pathological changes in abdominal aortic aneurysms 
(AAA) following endoluminal repair to determine if the natural history of continued expansion of AAA is reversed. 
Materials and Methods: Sixty-seven of85 patients undergoing endoluminal AAA repair between May 1992 and August 
1995 had their operations prior to the end of February 1995 and were potentially available for follow up at 6 months or 
longer after operation. Excluded were: patients with failed endoluminaI repairs (n = 14), patients who died within 6 months 
of operation (n = 5), patients with anastomotic AAA (n = 1), leaving 47 patients in the study group. Based on contrast 
enhanced CT performed preoperatively, within 10 days of operation and 6, 12 and 18 months after operation patients were 
divided into two groups: those in whom the AAA maximum transverse diameter (MTD) decreased Group I (n = 39) and 
those in which it increased Group II (n = 8). The following parameters were analysed: diameter of the supra coeliac aorta, 
MTD and the dimensions of the proximal and distal necks of the AAA plus extravasation ("leak") of contrast into the 
aneurysmal sac. 
Results: Leak of contrast was seen in 0 of 39 patients in Gp I and 5 of 8 patients in Gp IL Patients in Group I experienced 
a progressive diminution in AAA mean MTD. The diameters of the proximal and distal necks increased but there was no 
shortening of the length of the necks in this group. In Group II the AAA MTD was dependent on whether or not the 
aneurysmal sac was isolated from the circulation. The diameter of the proximal and distal necks increased irrespective of 
this fact. 
Conclusion: We conclude that in early follow up AAA which diminish in diameter following endoluminal repair remain 
isolated from the general circulation. Co-incident with this decrease in AAA diameter, the proximal and distal necks 
increase in diameter but do not undergo any shortening in length. This paradoxical increase in neck diamete~ was not 
progressive in the period of foUow-up. 
Introduction 
Endoluminal repair of abdominal aortic aneurysms 
(AAA) has now been performed by a number of 
centres. ~-5 The endoluminal method has also been 
used to treat aneurysms in the thoracic aorta, 6'7 the 
subclavian arter~ 8 the iliac artery 9 and the popliteal 
artery9 These reports have all demonstrated that it is 
possible to exclude the aneurysmal sac from the 
general circulation by means of a transluminally 
placed graft. Isolation of the aneurysm has been 
confirmed by Duplex ultrasond (DU), computerised 
tomography (CT) or aortography (AG). These inves- 
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tigations have usually been performed within the 
early postoperative period and little follow-up infor- 
mation is available. 
In a preliminary communication 1~ we reported that 
the maximum transverse diameter of AAA in which 
the sac has been shown to be excluded from the 
circulation will diminish in the majority of patients 
following successful endoluminal repair. What is not 
known however is whether a AAA will continue to 
grow longitudinally around a transluminally placed 
graft. Specifically it is not known whether the natural 
progression of aneurysmal disease into the normal 
aortic wall proximal and distal to AAA will be 
arrested. The answers to these questions are important 
as it is possible that previously excluded aneurysms 
may re-establish communication with the general 
circulation if their growth is not arrested (Fig. 1). In an 
effort o answer these questions we have prospectively 
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Fig. 1. Diagram demonstrating exclusion of the aneurysmal sac by 
an endograft on the left and re-establishment of communication 
between the circulation and sac on the right. The endograft remains 
the same size but the aneurysm has increased in size and the 
aneurysmal process has involved the proximal and distal necks. 
studied a group of patients who have undergone 
endoluminal repair of AAA with regular contrast 
enhanced CT. The minimum period for follow-up for 
the study group was 6 months. 
land, Australia) to minimise errors in measurement 
due to magnification. 
Endovascular p osthesis 
Two of the prostheses were modifications of those 
used by Parodi 1 and 10 were produced by EndoVas- 
cular Technologies (EVT). 3 Apart from one Chuter 5 
prostheses the remaining 34 were Sydney (White/Yu) 
Endografts. 12 The modified Parodi grafts and the 
Sydney Endografts were balloon expandable devices 
while the EVT device employed a combination of self 
expansion and balloon expansion. The Chuter device 
was self expanding. The graft material was Dacron in 
all prostheses. The configuration of the prostheses was 
tubular (33), tapered aortoiliac (11) and bifurcated (3). 
The diameter, length and taper of the prostheses was 
based on measurements obtained from each patient's 
contrast enhanced CT and AG. 
Endovascular repair of aneurysms with materials 
currently used in vascular surgery is approved by the 
Institutional Review Board. Informed consent was 
obtained from each patient. 
Material and Methods 
From May 1992 through August 1995, 85 patients (79 
males, 6 females, mean age 70 years) underwent 
transluminal endovascular grafting of AAA. Sixty- 
seven of these had their procedure prior to February 
1995 and were potentially available for follow up at 6 
months or longer after operation. 
The following were excluded from the study group: 
those patients with failed endoluminal repair who 
were converted to conventional open AAA repair 
(n = 14), patients who died before 6 months follow up 
(n = 5) and patients with anastomic false aneurysms 
following previous aortic surgery (n = 1). A total of 47 
patients with a follow-up period of 6 months or 
greater emained in the study group. Thirty-two of 
these have been followed up for a period of I year or 
greater. 
Imaging protocol 
All patients underwent contrast enhanced CT of the 
abdominal aorta and iliac arteries with 0.5cm cuts 
being taken between the renal arteries and the aortic 
bifurcation. All patients had an aortogram using a 
calibrated pig-tail catheter (William A Cook, Queens- 
Endovascular p ocedures 
All procedures were elective and were performed 
under general anaesthesia in the operating room. 
Patients were placed supine on a radiolucent able. 
The operative field was prepared and draped for 
conventional open AAA repair in the event of failed 
endoluminal repair. A portable radiographic image 
intensifier with hardcopy image processing capability 
was used for pre-procedure, intraoperative and post- 
procedure aortography. 
A 24 F introducing sheath and dilator (William A 
Cook or EVT) was introduced into the femoral or iliac 
arteries over a guidewire. Under fluoroscopic ontrol 
the sheath was advanced to a position just proximal to 
the renal arteries in the case of the Cook sheath and to 
the aortic bifurcation in the case of the EVT sheath. 
The dilator was removed and the endograft advanced 
within the sheath under fluoroscopic control to a 
position immediately below the renal arteries. 
Before deployment of the endoluminal graft the 
systolic arterial blood pressure was reduced to the 
range of 80/90mmHg. Following deployment of the 
endoluminal graft on-table AG was obtained to 
confirm exclusion of the aneurysmal sac from the 
general circulation and normal flow within the graft. 
Eur J Vasc Endovasc Surg Vol 12, July 1996 
Abdominal Aortic Aneurysms 13 
Follow-up protocol 
All patients have been followed-up with regular 
clinical examination. Contrast enhanced CT with lcm 
cuts was performed within 1 week of operation, at 6 
months, 12 months and 18 months after operation. The 
following parameters were measured on CT and 
recorded. 
1. Extravasation ("leak") of contrast into the aneur- 
ysmal sac. 
2. Diameter of the aorta lcm proximal to the coeliac 
artery. 
3. Maximum transverse diameter (MTD) of AAA. 
4. The diameter of the proximal neck of the 
aneurysm at a level lcm distal to the inferior 
most renal artery. 
5. Length of proximal neck of the aneurysm 
between the lowest renal artery and proximal 
extent of the AAA. 
6. The diameter of the distal neck of the aneurysm, / 
lcm proximal to the bifurcation. 
7. The length of the distal neck between the distal 
extent of the AAA and the aortic bifurcation. 
The recommendations of Lederle et al. 13 were used in 
CT measurement. 
Analysis of patients 
On the basis of contrast enhanced CT, patients were 
divided into two groups. Group I: those patients in 
(a) 
which there was a decrease in the MTD of the 
aneurysmal sac (n = 39). Group Ih those patients in 
which there was an increase in MTD of the aneur- 
ysmal sac (n = 8). The MTD of AAA and dimensions of 
the proximal and distal necks before operation and at 
6, 12 and 18 months were compared. 
Results 
Extravasation of contrast into the aneurysmal sac 
No contrast was seen in the aneurysmal sac in any of 
the 39 patients in Group I (Fig. 2a). Contrast was seen 
in the aneurysmal sac in five of eight patients in Group 
II (Fig. 2b). In three of these it was present in the study 
performed within the first 10 days after operation. 
These three patients underwent a second endoluminal 
repair, 6 months after the initial one when it became 
apparent that there was no hope of a spontaneous seal 
between the sac and the circulation. Following this 
secondary intervention o extravasation of contrast 
was seen in two. Extravasation remained in the third 
patient who was converted to an open AAA repair. In 
the remaining two patients extravasation was not seen 
until 18 months after operation and no further 
intervention has yet taken place. 
Supracoeliac aorta 
The mean diameter of the supracoeliac aorta in all 
{b} 
Fig. 2. (a) CT-scan of AAA following endoluminal repair. Contrast is confined to the endograft and the aneurysmal sac is filled with blood 
clot (Group I). (b) CT-scan of AAA following endoluminal repair. There is extravasation r "leak" of contrast into the aneurysmal sac. 
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patients was 30.17mm (range 27-33mm). No sig- 
nificant difference was detected between the mean 
diameter of Group I (30.04mm) and Group II 
(30.57mm). 
Maximum transverse diameter AAA 
Patients in Group I experienced a progressive diminu- 
tion in mean MTD at 6, 12 and 18 months after 
operation (Table 1). Patients in Group II fell into two 
sub-groups, those with extravastion of contrast into 
the aneurysmal sac and those without extravasation. 
The MTD of the five AAAs with extravasation are 
shown in Fig. 3. The three patients in which extravasa- 
tion was noted in the perioperative period all experi- 
enced an increase in MTD at 6 months. Successful 
secondary endoluminal repair was accompanied by a 
stability in MTD in two of these. In the third patient 
continued extravasation was noted and the patient 
was converted to open AAA repair. In one of the two 
successful secondary endoluminal repairs further 
extravasation was noted 6 months later. This was 
accompanied by an increase in MTD which culmi- 
nated in rupture of the AAA on the eve of an attempt 
at tertiary endoluminal repair. The patient made a 
slow recovery following open repair of the ruptured 
AAA. The remaining two patients in this sub-group in 
whom extravasation did not become apparent until 18 
months after operation were both preceded by an 
increase in MTD exceeding the preoperative figure. 
Both of these patients experienced an initial decrease 
in MTD at six and 12 months respectively before the 
increase. 
The second sub-group in Group II did not have any 
extravasation of contrast into the aneurysmal sac. In 
two of the three patients in this sub-group the increase 
in MTD did not persist beyond 6 months (Fig. 4). In 
the third patient he increasing MTD was 2mm over 12 
months. The small number  of patients in the two sub- 
groups of Group II and the fact that successful 
secondary repair changed their eligibility for inclusion 
precluded meaningful  statistical analysis. 
Table 1. Mean dimensions of Group I AAA and proximal/distal aortic necks before and 6, 12, 18 months after operation 
(a) 6 months follow-up 
Proximal neck Distal neck 
AAA diameter Diameter Length Diameter Length 
Preoperative 5.26 23.57 27.14 21.66 14.58 
6 months postoperation 4.82 27.57 27.14 25.16 14.16 
Difference 4.44 +4.00 0 +3.5 4.42 
p value 0.003 0.001 N.S. 0.004 N.S. 
(b) 12 months follow-up 
Proximal neck Distal neck 
AAA diameter Diameter Length Diameter Length 
Preoperative 5.09 22.80 28.18 18.50 13.33 
12 months postoperation 4.29 25.54 30.45 25.00 15.83 
Difference -0.80 +2.74 +2.27 +6.50 +2.50 
p value 0.009 0.006 N.S. 0.006 N.S. 
(C) 18 months follow-up 
Proximal neck Distal neck 
AAA diameter Diameter Length Diameter Length 
Preoperative 5.85 25.50 28.50 26.00 12.50 
18 months postoperation 4.70 28.83 28.33 28.50 10.00 
Difference -1.15 +3.33 -0.17 +2.50 -2.50 
p value 0.02 0.001 N.S. 0.03 N.S. 
Patient groups reaching 6, 12 and 18 months were compared with the preoperative figures relating to their particular group not the total 
figures for all patients before operation. 
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Fig. 3. Graph demonstrating increase in diameter following perio- 
perative extravasation of contrast in three patients. No further 
increase was noted in two of these following secondary endolumi- 
nal repair until extravasation was again noted in one. In the 
remaining two patients extravasation was not noted until 18 months 
after operation. This was preceded by a period of diminution in 
AAA diameter followed by an increase in diameter exceeding the 
preoperative figure. (©) primary endoluminal repair; (©) secondary 
endoluminal repair; (@) open repair; (E) demonstration of extrava- 
sation on CT; (R) rupture. 
Diameter of proximal neck of aneurysm 
In Group I the diameter of the proximal neck 
increased in all patients (Table 2). Examination of the 
mean proximal neck diameter at 6, 12 and 18 months 
did not reveal a progressive increase. In Group II a 
similar increase in diameter of the proximal neck was 
observed at the same intervals after operation (Table 
3). 
Table 2. Summary of changes in Group I AAA and proximal/distal 
aortic neck diameters before and after operation 
Changes in diameter 
AAA (cm) Proximal neck Distal neck 
6 months -0.44 +4.00 +3.50 
12 months q).80 +2.27 +6.50 
18 months -1.15 +3.33 +2.50 
Length of proximal neck of aneurysm 
No significant alteration in the length of the proximal 
neck was noted at 6, 12 or 18 months after operation in 
either Group I or Group II (Tables 1 and 3). 
Diameter of distal neck of aneurysm 
The diameter of the distal neck of aneurysms in Group 
I all increased in size at 6, 12 and 18 months after 
operation (Table 1). Similar increases were seen at the 
above intervals in aneurysms in Group II (Table 3). 
Length of distal neck of aneurysm 
No significant alteration in length of the distal neck 
was noted at 6, 12 or 18 months after operation in 
either Group I or Group II (Tables 1 and 3). 
A summary of the differences in mean diameter of 
the AAA, the proximal and distal necks in Group I at 
various stages of follow-up compared with preopera- 
tive mean values are shown in Table 2. 
9 
8 
® 6 
5 
6 12 18 
Months 
Fig. 4. Graph showing diameter of AAA in patients in Group 
without extravasation f contrast into aneurysmal sac. (©) endolu- 
minal repair. 
Discussion 
Measurement of the supracoeliac aorta was under- 
taken to determine whether a sub-group of patients 
with generalised ectasia exist in those patients with 
infrarenal abdominal aortic aneurysms. The distribu- 
tion of diameters at this level in the aorta was found to 
be normal. No difference was noted in mean diame- 
ters between Group I and Group II. There is no 
suggestion therefore that patients in Group II whose 
AAA continued to increase in size following endolu- 
minal repair had ectatic aortas uprarenally as well as 
aneurysmal ortas infrarenally. 
The maximum transverse diameter results confirm 
our earlier finding that diminution in MTD occurs in 
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Table 3. Mean dimensions of Group II AAA and proximal/distal aortic necks before and 6, 12, 18 months after operation in patients with 
extravasation of contrast 
(a) 6 months follow-up 
Proximal neck Distal neck 
AAA diameter Diameter Length Diameter Length 
Preoperative 6.46 25.66 20.00 25.60 13.33 
6 months postoperation 7.16 28.00 18.33 26.33 11.66 
Difference +0.70 +2.33 -1.67 +0.73 -1.67 
(b) 12 months follow-up 
Proximal neck Distal neck 
AAA diameter Diameter Length Diameter Length 
Preoperative 6.52 24.00 20.66 25.33 12.50 
12 months postoperation 6.90 26.00 18.33 26.33 10.00 
Difference +0.38 +2.00 -2.33 +1.00 -2.50 
(c) 18 months follow-up 
AAA Proximal neck Distal neck 
diameter 
Diameter Length Diameter Length 
Preoperative 6.16 23.25 24.00 24.50 10.00 
18 months postoperation 6.90 28.75 18.33 29.00 5.00 
Difference +0.74 +5.50 -5.67 +4.50 -5.00 
Patient groups reaching 6, 12 and 18 months were compared with the preoperative figures relating to their particular group not the total 
figures for all patients before operation. 
patients in which AAA remain isolated from the 
general circulation. In early follow-up this diminution 
is progressive with increasing intervals following 
operation. The MTD in patients with extravasation of
contrast in Group II was determined by the presence 
or absence of communication between the aneurysmal 
sac and the circulation. When a communication was 
present he MTD increased, when the communication 
was sealed the MTD remained stable or decreased. 
This interdependence b tween MTD and communica- 
tion was also observed in two patients whose MTD 
initially decreased at 6 and 12 months respectively 
only to increase beyond the preoperative l vel who 
were both found to have developed a communication 
demonstrated by extravasation of contrast at 18 
months follow-up. This outcome following an increase 
in diameter however is not inevitable as demonstrated 
by two of the three patients in Group II sub-group in 
which extravasation of contrast had not been seen 
who had an initial increase in diameter at 6 months 
followed by a diminution thereafter. 
The increase in diameter of the proximal neck of all 
AAAs in Group I would appear to be paradoxical 
considering the decrease in MTD of all aneurysms in 
this Group. Some light is thrown on this however by 
Baker et al. 14 They performed abdominal ultrasound 
on 95 patients who had had AAAs repaired by the 
standard open method a median of 5 years previously. 
They found that 42% of patients tudied had proximal 
necks of diameter greater than 3cm at follow-up and a 
further 10% had proximal necks of greater than 4cm 
diameter. It is somewhat reassuring to see that this 
increase in diameter of the proximal neck appears to 
be part of the natural history of infrarenal aneurysmal 
disease following operation irrespective of the method 
of repair. It is also important o note in the present 
study that the increase in diameter of the proximal 
neck does not appear to be progressive, being no 
greater at 18 months than 6 months after operation. Of 
similar significance is the absence of shortening of 
either the proximal or distal necks of AAA. It must be 
acknowledged however that CT with lcm cuts which 
were used in these follow up studies may not pick up 
more subtle changes in neck length. 
This study confirms the need for careful follow up 
in patients whose AAA have been repaired by the 
endoluminal method. Those patients whose AAA 
have been shown to be excluded from the circulation 
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but continue to increase in size should be suspected of 
having an undetected communication between the 
circulation and the aneurysmal sac. 
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